Cervical spine is affected in more than a half of patients with rheumatoid arthritis (RA). Depending on the degree of damage to the individual joints and ligaments RA-related cervical spine instability takes the form of atlanto-axial subluxation, subaxial subluxation or cranial settling. In the advanced cases spinal stenosis can occur as well as spinal cord injuries with typical neurological symptoms. The identification of patients with cervical spine instability before the occurrence of neurological complications still constitutes a diagnostic challenge. The article presents the methods of cervical spine imaging with the use of plain radiographs, magnetic resonance imaging (MRI) and computed tomography (CT). We discuss the advantages and disadvantages associated with each method and the possibility of its application in the diagnosis of cervical spine instability in RA. The knowledge of the above mentioned issues is indispensable to select an appropriate time for surgical intervention.
Introduction
The inflammatory processes in rheumatoid arthritis (RA) affect mostly joints of hands and feet. Cervical spine is the third most common location of lesions in the course of RA. Pathological lesions in cervical spine structure are observed in 44-86% of patients with RA [1] [2] [3] [4] .
In RA the upper cervical spine is usually affected, which is manifested by the instability between C1 and C2 vertebrae (atlanto-axial subluxation -AAS) occurring in 65% of patients with RA. Anterior subluxation occurs most often (ca. 75% of all AAS); posterior and lateral are not that often. Moreover in ca. 20% of patients subluxation of the spinal motion segment can occur at the C3 to C7 vertebrae (subaxial subluxation, SAS) [4] [5] [6] [7] . Cranial settling (CrS) is another pathology of cervical spine that occurs in patients with RA and is described in ca. 15% of patients [3, 8] . Definitions of the respective types of cervical spine instability are presented in Table I .
Lesions in cervical spine can manifest as the pain in the neck, nape of the neck and head. In more advanced cases they may lead to neurological defects, i.e. sensory disturbances, muscle weakness and even to death. In some cases serious consequences related to the impact of RA on the cervical spine require surgical treatment. Correct qualification for surgery as well as early diagnosis are possible only when based on precise diagnostics including imaging.
Diagnostic methods
Imaging methods used in the diagnostics of cervical spine lesions in patients with RA are primarily plain radiographs, computed tomography and magnetic resonance imaging. Each of these methods is used to assess the cervical spine from a slightly different perspective, having its advantages and disadvantages.
Plain Radiographs
Radiography is the most common technique, mainly due to its availability and relatively low cost. Typically, radiographs are made in antero-posterior projection, lateral projection (neutral position as well as flexion and extension -the so-called functional radiograph) as well as through the open mouth aimed at the odontoid process. While analysing the radiographs spatial relations between the bones of the vertebral column and the head as well as structural lesions can be assessed. As the anomalies in the atlanto-axial joint are distinctly seen when changing the head position, functional radiographs are the most important for the instability diagnosis. When comparing the radiograph in neutral position with flexion and extension, possible move of the odontoid process to the spinal canal, displacement of vertebrae and spinal stenosis can be observed. Functional radiographs are initial method for the instability diagnosis and often determine further neurosurgical management [9] .
Atlanto-axial subluxation
Anterior atlantodental interval (AADI) and posterior atlantodental interval (PADI) are the most important values used to evaluate the condition of the atlanto-axial joint [10] . The distance is measured based on lateral radiograph in three positions: neutral, flexion and extension (Fig. 1) .
Anterior atlantodental interval is the distance between C1 anterior arch and C2 of the dens. The normal value of AADI in adults should be less than 3mm.The larger AADI, the greater risk of spinal cord compression. Some authors consider that AADI > 5 mm is a sign of clinically significant AAS instability [11] , and AADI > 8 mm is an indication for surgical treatment [12] . It should be 
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noted that these values apply to adults -the normal value of AADI in children is up to 5 mm [13] .
Posterior atlantodental interval is the distance between the dens and C1 posterior arch. The distance is the width of the spinal canal on the C1-C2 level. As the spinal cord at this level is ca. 10 mm in diameter, 1mm is needed for the dura and 1 mm for CSF, PADI should not be smaller than 14 mm. Literature findings indicate that the reduction of this dimension below 14 mm negatively impacts the outcomes of surgical treatment [12] .
AADI and PADI values are used to evaluate anterior and posterior subluxation and can be measured on lateral radiographs.
Radiographs through the open mouth aimed at the odontoid process are used to evaluate lateral subluxation. The displacement of C1 towards C2 by more than 2 mm can indicate clinically significant instability.
Subaxial subluxation
Subluxation in the lower joints of cervical spine usually accompanies the instability in C1-C2. Usually SAS is diagnosed when the radiograph in lateral projection shows horizontal displacement of vertebrae by more than 3.5 mm [14, 15] . However some authors consider that SAS should be suspected in the case of vertebrae displacement by 2 mm and the displacement exceeding 4 mm is a sign of severe SAS [1, 16] .
Similarly to the radiological assessment of atlanto-axial joint pathologies, the width of a spinal canal is an important parameter in the diagnosis of cervical spine lesions in C3-C7 region. It is considered that the value of space available for the cord (SAC) measured on lateral radiograph should not be smaller than 14 mm [12] . The distance is measured on lateral radiograph taken in neutral position, flexion and extension
Cranial settling
The assessment of the dens location with regard to foramen magnum on radiographs requires additional measurements. A number of methods have been developed to assess the degree of dens displacement. The oldest diagnostic criteria are based on Chamberlain and McGregor line ( Fig. 2A) [17] . Chamberlain line is a line joining the posterior edge of hard palate with the back of the foramen magnum. The displacement of the tip of the dens by at least 3 mm above the line indicates basilar invagination. McGregor line connects the hard palate with the most caudal point of the occipital curve. If the tip of the dens lies more than 4.5 mm above this line it is indicative of basilar invagination.
Other popular diagnostic criteria include Ranawat criterion, Redlund-Johnell criterion and Clark station.
Ranawat criterion is based on two lines (Fig. 2B) . One line connects the centre of the anterior arch with the centre of the posterior arch of C1 vertebra. The second line is drawn along the axis of the odontoid process, from the centre of the base of C2 vertebra to the intersection with the first line. The distance, marked on the diagram 1b with the letter R, is the value used to assess the size of the invagination. The smaller is the distance, the larger is the invagination. Values of Ranawat criterion that are larger than 13 mm in women and 15 mm in men are assumed to be correct [18] .
Redlund-Johnell criterion is the distance between the centre of the lower end plate of C2 to the McGregor's line (Fig. 2C) . The distance of 34 mm in men and 29 mm or more in women is considered normal [19] .
In the criterion developed by Clark, called Clark station, the dens, as viewed on the lateral radiograph, is divided into three equal parts (Fig. 2D) . If the anterior arch of the atlas is in the second or third station the process of cranial settling is ongoing.
Despite a large number of criteria for basilar invagination, none has a satisfying characteristic of diagnostic value. Riew et al. [20] analysed the sensitivity, specificity as well as positive and negative predictive values of methods used for the cranial settling diagnosis. It was demonstrated that a single criterion is not sufficient to diagnose invagination. Therefore the combination of the Ranawat criterion, the Redlund-Johnell criterion and the Clark station was proposed. If any of the three criteria is positive, there is a strong probability of cranial settling (sensitivity of 94%, negative predictive value of 91%) [20] .
Computed tomography
Computed tomography (CT) allows for a very precise assessment of bones structure of the whole cervical spine. The anatomy of the atlanto-axial joint is also much better visible that on plain radiograph where the image deteriorates due to the overlapping of bones structure. CT with multiplanar reconstruction is particularly recommended for patients with suspicion of basilar invagination. CT is also considered to be the best method for the visualization of bones erosion as well as atypical subluxation within the atlanto-axial joint, in particular lateral and rotary subluxation [21, 22] .
Even though magnetic resonance is a better method of soft tissues imaging, CT can also be used to assess the inflammation of soft tissues in patients with contraindications for MR.
CT is also recommended in planning of surgical procedures as a method that allows for the selection of an appropriate technique and the size of implants.
Magnetic resonance
Magnetic resonance (MR) is a method of choice that is used for the assessment of cervical spine in patients with RA. This technique makes it possible -thanks to its three-dimensionality -to assess very precisely the location of all bone structures, in particular the location of the odontoid process with regard to foramen magnum. It is indispensable in the assessment of soft As demonstrated by Dvorak et al. [23] in 2/3 of patients with AAS in the course of RA the pannus around the odontoid process is thicker than 3 mm. Plain radiograph does not show the pannus, therefore the PADI measurement performed with this method can be misleading. Even though on a radiograph PADI is within normal limits the spinal cord compression can in fact occur, due to the presence of the pannus. That is why the role of magnetic resonance is invaluable since it makes it possible to measure the actual space available for the cord (SAC).
Test protocols for magnetic resonance of cervical spine include most often the following sequences T1-weighted spin echo (SE), T2-weighted fast spin echo (FSE), TIRM or STIR and DWI [24] .
T1-weighted SE sequences are usually used to assess bone structures: the size, the shape and the location of vertebrae. It is also a basic, initial sequence to assess bone marrow oedema (Fig. 3) .
T2-weighted FSE sequences are used to assess intervertebral disc space, nerve roots, spinal cord and articular surface. Pannus is also clearly visible on T2-weighted images -well-vascularized pannus gives particularly strong signal on a T2-weighted image (Fig. 4) . T2-weighted sequences with fat saturation are in turn very helpful in more precise assessment of bone marrow oedema.
In cases of doubt, when there is a need to confirm an ongoing inflammatory process, T1-weighted images with fat saturation are obtained with the use of gadolinium contrast agent. These sequences make it possible to see different forms of pannus: hypervascularized, hypovascularized and fibrous pannus as well as to differentiate intraarticular exudate from the pannus [25, 26] .
Besides the analysis of anatomical relations and the degree of tissue vascularization MR allows for the assessment of phenomena at cellular level. The example of one of the new techniques of magnetic resonance is diffusion-weighted imaging (DWI) which measures the motion of water molecules within intra-and extracellular fluid [27, 28] . The damage to spinal cord tissue architecture due to myelopathy (caused by spinal stenosis) leads to the disturbance in water molecules diffusion within the cord. These lesions can be observed on DWI images and on the apparent diffusion coefficient (ADC) maps. The DWI technique can also be used to assess the inflammation, replacing the imaging with contrast agent [29] .
Conclusions
Although it seems that with the introduction of magnetic resonance as a diagnostic method, other imaging methods may be considered obsolete, both CT and plain radiography, which is the oldest and the simplest method, have not been entirely replaced. The advantages and disadvantages of individual methods are presented in Table II . Each of the methods has a specific use in the diagnosis of cervical spine lesions. 
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Most authors admit that plain radiograph remains an initial imaging method, particularly in patients with no significant clinical symptoms. In the case of any lesions observed on plain radiograph, magnetic resonance is recommended. MR allows for diagnosis verification as it makes inflammatory lesions and possible spinal cord compression visible. European League Against Rheumatism (EULAR) clearly indicates that "Monitoring of functional instability of the cervical spine by lateral radiograph obtained in flexion and neutral should be performed in patients with clinical suspicion of cervical involvement. When the radiograph is positive or specific neurological symptoms and signs are present, MRI should be performed" [9] .
Computed tomography is on the other hand particularly useful in surgical treatment planning.
The authors declare no conflict of interest. Table II . Advantages and disadvantages of radiographs, CT and MR in imaging cervical spine lesions (based on [9] )
Advantages Disadvantages
Plain radiographs -easily accessible -low cost -low radiation dose -possibility of imaging in flexion and extension -sufficient to assess the location of vertebrae -the assessment of anatomical details is difficult, in particular in atlanto-axial joint -no possibility to assess non-calcified structures (soft issues, spinal cord, pannus)
CT -best method of bones assessment -useful in planning surgical treatment -high cost in comparison with radiographs -high radiation dose -difficult assessment of soft tissues and spinal cord MR -best method of soft tissues and spinal cord assessment -high sensitivity and specificity in instability assessment -method of choice for patients with neurological deficits -the most costly among all imaging methods -possible contraindications: ferromagnetic implants, artificial cardiac pacemakers, infusion pumps and medical ventilators -long exam duration -in some cases sedation can be necessary (claustrophobia, children)
